. The purpose of this study was to assess whether the measurements of both enzymes gave earlier prediction of graft rejection than either alone.
have been made in 35 patients after renal transplantation, and during 52 suspected rejection episodes. A close correlation has been found between these two parameters although they did not consistently change in parallel. The use of both assays may give a better indication of impending rejection than either assay alone.
In kidney transplantation early diagnosis of rejection is imperative since prompt institution of appropriate therapy may reverse the process, improve renal function, and prevent irreversible damage (Merrill, 1967) . Ischaemia appears to be one of the first of the complex events occurring in immunological rejection (Kountz et al., 1963) . In this condition some Material and methods necrosis and desquamation of renal cells occurs, and it would be expected that in such cases certain enzymes characteristic of renal cells would be released into the urine at a higher rate than normal (Rosalki and Wilkinson, 1959; Raab, 1972 ). An increase in enzymuria could also result from lack of reabsorption of filtered enzymes by damaged tubular cells (Prockop and Davidson, 1964) , and such increase might well be detectable at the onset of the pathological process before any of the clinical signs or symptoms or laboratory evidence of renal dysfunction appear.
Among many enzymes studied, lysozyme (E.E.C. 3.2.1.17) was proposed for this purpose at an early PATIENTS stage and claimed to be highly satisfactory (Prockop Thirty-five patients with renal transplants were and Davidson, 1964; Harrison et al., 1968; Hayslett studied. In 14 of these, NAG values were not initially et al., 1968) . The ease of its determination enhances determined after transplantation as this assay only its value in controlling the postoperative manage-became routinely available in this hospital after ment of the patient.
September 1973. Complete data (serial NAG plus More recently, the determination of the urinary lysozyme) were therefore obtained from only 21 of excretion of the lysosomal enzyme, N-acetyl-,B-o-the patients included in this report. glucosaminidase (NAG) (E.E.C. 3.2.1.30), was
The enzyme assays were performed routinely on suggested by Dance et al. (1970) for the same pur-morning urine samples from the time of transplantapose, and a number of papers have since referred to tion until discharge from hospital. Determinations its value in the anticipation of acute rejection epi-of the urinary enzyme acitivities were also performed sodes (Sandman et al., 1973; Wellwood et al., 1973;  on all outpatients at the time of attendance. 253
CONTROL GROUP
In addition, 40 random urine specimens were obtained from 16 healthy control subjects. All urine samples were collected without preservatives and stored at -20 "C, ENZYMES Lysozyme was estimated by a procedure based on the methods of Litwack (1955) and Parry et al. (1965) . The substrate suspension was prepared by suspending 60 mg of freeze-dried cells of Micrococcus lysodeikticus (Sigma Chemical Co, London) in 100 ml of 0·066 M phosphate buffer solution, pH 6,2, containing 6·8 mmol (0,4 g) sodium chloride. The urinary lysozyme activity was assayed by pipetting 0·50 ml of the urine into 2·5 ml substrate, both previously warmed to 25 "C, immediately mixing, and transferring to a 10 mm cuvette and reading in a Pye-Unicam SP 800 recording spectrophotometer at 645 nm for three minutes. A tangent was drawn to the absorbance trace during the first minute of bacteriolysis, and the optical density decrease over the three-minute period was recorded as a measure of enzymatic activity. This was expressed as milligrams lysozyme per litre of urine by reference to standard curves performed with crystallised egg white lysozyme (3 crystallised, dialysed, and lyophilised, Grade I, Sigma Chemical Co). Specimens possessing very high lysozyme activity (> 30 mg/l) were diluted with distilled water and the assay was repeated. NAG was estimated by a routine fluorimetric enzyme method, using a synthetic substrate, either manually (Leaback and Walker, 1961) or by automated assay . The results are measured as nmol NAG/h/mmol, relating to the urinary creatinines of the same sample.
CREATININE DETERMINATION
Creatinine was determined in all urine samples by the method of Jaffe adapted by Chasson et al. (1961) .
Expression of results

LYSOZYME
Urine from normal subjects contained little or no lysozyme activity. The control urines showed no lysozyme in 34 cases, 1 mg/l in five, and 3 mg/l in one case. It was accepted, as a conservative value, in common with other investigators (Hayslett et al., 1968; Harrison et al., 1968) , that normal urines should not exceed a lysozyme activity of 2 mg/1.
There was no obvious advantage when the lysozyme activity was related to the clearance rate of the lysozyme or to the creatinine content of the urine rather than to urine concentration, because there is L. Ellis, R. R. McSwiney, and Susan M. Tucker so little lysozyme in normal urine (Harrison et al., 1968 (Harrison et al., , 1973 . A comparison of the relation between lysozyme activity (mg/l) and the ratio mg lysozyme per litre urine x l02/mm ol urinary creatinine per litre urine showed essentially a straight-line relationship in individual patients ( Fig. 1 ) (coefficient or correlation, r = 0,9). NAG According to Garcia et al. (1975) , patients with allografts, in whom renal function was considered stable by all clinical and biochemical criteria for three months or more, showed a mean NAG value of 163 (SD 70) nmol NAG/h/mmol urinary creatinine. In consequence, a value of 300 nmol NAG/h/mmol urinary creatinine (mean + 2SD) was taken as the upper limit of normal.
DIAGNOSIS OF REJECTION
This is a difficult diagnosis to make (Sandman et al., 1973) , and, to be absolutely certain that rejection was taking place, one would have to wait until all the criteria were unmistakably present, by which, time the process might certainly be irreversible. The criteria given by us are those used by the clinicians in ' the hospital wards where the patients are under constant observation. It is the custom in this hospital to administer methyl prednisolone in all cases where the diagnosis is made or suspected, and this applies also in many other hospitals (Lucas et al., 1970; Mathew et al., 1975) .
A rejection episode was considered to have occurred when a bolus injection of.",l g methylprednisolone was given while the patient was actually in the hospital ward and therefore under continuous close observation, or when its administration was associated with a remark written into the patient's notes indicating that a rejection was either diagnosed or suspected. The basis was (1) an independent diagnosis of rejection by tile consultant in charge based on the constitutional signs and renal function assessment at the time and/or (2) a definite deterioration in the biochemical evaluation of renal function in the absence of bacteriological evidence of urinary infection Results PATIENTS WITH NORMAL SUCCESSFUL OUT-COME Following renal transplantation lysozyme and NAG excretion is initially high, declining to normal within about a fortnight and remaining normal thereafter (Noble et al., 1965; Hansen and Weeke, 1970; Shehadeh et al., 1970; Wellwood et al., 1973) . This pattern was found in eight of 21 transplant patients investigated who had an uneventful postoperative course.
PATIENTS WITH EARLY REJECTION SIGNS
Four patients showed evidence of rejection beginning after the transplantation operation; high urinary lysozyme NAG values persisted for months. In three of these the enzyme levels did eventually return to normal. One patient (GG) had persistently • high lysozyme excretion levels for a period of seven months before finally settling to the normal level (Fig. 2) . Four other patients with persistently high urinary lysozyme and NAG values continued on to rejection and consequent transplant removal (2) or death (2). Two patients (HE and JD) ( Fig. 3) have shown persistently raised lysozyme and NAG levels in the face of normal kidney function as indicated by normal serum creatinine clearance determinations. Both these patients had had ileal conduit operations performed after ureteric necrosis, and it seems that in these circumstances both enzyme assays are of little prognostic value. .
PATIENTS WITH HIGH URINARY LYSOZYME BUT NORMAL NAG LEVELS
Eight patients have shown high lysozyme values when NAG levels were normal and transplant function was good. All patients had raised serum creatinine levels.
PATIENTS WITH NORMAL LYSOZYME BUT HIGH NAG LEVELS
This group included two patients, both of whom died. One (CB, Fig. 4 ) died of massive bleeding from aneurysm at the site of the anastomosis of the transplant renal artery with the right common iliac artery. The other (KL, Fig. 5 ) died in acute renal failure after arterial thrombosis in the abdominal aorta, left femoral artery, left common iliac artery, and origin of the renal artery to the transplant. Most of the parenchyma of the kidney did not seem infarcted. It appears that in neither case were the proximal tubules affected and that rejection was not the cause of death. It seems that the source of the NAG was probably parenchymal tissue not involving the tubules.
PATIENTS ON GENTAMICIN TREATMENT
Patients on gentamicin therapy showed sharp increases in urinary lysozyme during treatment. This behaviour paralleled NAG output (for example, DJ, Fig. 6 ) and indicates that both enzymes are elevated by the effect of the drug on the renal cells, confirming that they are unreliable for the diagnosis of rejection during the use of this antibiotic (Garcia et al., 1975; Wellwood et al., 1975) .
PATIENTS WITH ACUTE REJECTION EPISODES
Acute rejection episodes were suspected on 52 occasions in 19 patients according to the criteria given above. The 3.2.1.17) is an enzyme discovered in 1922 by Sir Alexander Fleming and found in a number of biological fluids. The enzyme is a basic protein of low molecular weight (approx. 145(0) that lyses susceptible bacteria. Lysozyme activity is minimal in normal urine but is increased in a small percentage of cases of renal disease (Harrison et al., 1968 (Harrison et al., , 1973 Hayslett et al., 1968; Wilson and Hadley, 1950) . Prockop and Davidson (1964) , in a study of urinary and serum lysozyme in patients with renal disease, produced evidence that lysozymuria may be a relatively specific indication of renal tubular damage. No direct relationship was found between urinary lysozyme and pyuria or proteinuria, and several patients thought to have non-renal uraemia did not excrete the enzyme. In rats, little increase in lysozyme excretion was observed when a nephrotic syndrome was produced with an antibody preparation that results in glomerular damage. By contrast, marked Iysozymuria was observed when a nephrotic syndrome was produced after administration of mercuric chloride, which produces tubular lesions without signs of glomerular damage.
Lysozyme activity in urine correlates well with histological evidence of damage to renal tubules (Hayslett et al., 196\\) , observations being consistent with the view that the presence of lysozyme is due to reduced tubular reabsorption of filtered enzyme from the glomerular filtrate.
More direct applications to renal allotransplantation were the investigations of Noble et al. (1965) and Hansen and Weeke (1970) , who found that rejection episodes were accompanied or preceded by elevation in lysozyme activity. There was no correlation between lysozyme activity and proteinuria or creatinine clearance.
In nine episodes of acute allograft rejection in which abnormal increase in urinary lysozyme became apparent, Shehadeh et al. (1970) found that peak content occurred one to four days before the 3600 . Our studies support the above authors in confirming the value of the urinary assay of lysozyme in renal transplant patients. Tubular damage is one of the first indications of an impending rejection (Hansen and Weeke, 1970; Hume et al., 1955) , often before clinical signs are evident, and increased lysozyme activity is the pointer to the renal tubular damage.
The close agreement between the lysozyme and NAG levels in these patients, the frequent occasions on which they both rise and fall simultaneously, and the rare occasions when they differ suggest that assay of both these enzymes will give a rather better indication of impending rejection than either separately.
It has already been mentioned that two patients (H.E. and J.D.), with ileal conduit operations, have shown persistently raised lysozyme and NAG values in spite of normal kidney function. It appears that the Paneth cells of the ileal segments used are the source of the lysozyme (Mason and Taylor, 1975) , and not necessarily the transplant kidney which, in the two cases quoted, would be expected to have low enzyme excretion because of the excellent renal function. The marked increase of NAG in these cases could also be due to the continuous breakdown and removal of the villous epithelial cells from which lysosomal enzymes would be expected to be liberated.
As also indicated previously, certain patients have had high lysozyme values associated with normal NAG levels. The contrast between the two enzyme levels suggests that their sources are different. The NAG is a lysosomal enzyme more associated with the general breakdown of kidney tissue (Dance et al., 1970) , while lysozyme is a measure of proximal tubular function, as already discussed. The patients in question, while clinically stable (sometimes over a period of years), seem to have permanently damaged transplant kidneys and must be liable at any time to an exacerbation of the damage and hence progression to renal failure. This has occurred in a number of patients even after periods of prolonged stability with normal NAG levels.
In conclusion, the performance of both assays seems to be of additional value in such cases. Moreover, both enzymes have in common relatively simple and easy methods of assay. A urinary lysozyme assay can be performed inside a matter of a few minutes by the method used in this paper (the cost is virtually negligible) and simple automated techniques have also been described (Burrows, 1967; Zucker and Webb, 1970) , while NAG is measured by a rapid and sensitive fluorimetric technique (Leaback and Walker, 1961; .
